Adult hip dysplasia (AHD) results in a hip joint that has a suboptimal mechanical articulation secondary to deficient or malaligned acetabular cartilage. Acetabular deficiency and malalignment result in an abnormal force transfer across the hip joint leading to pathologically elevated cartilage stresses [1, 2] . Pathological cartilage stresses accumulate over time affecting cartilage metabolism [3] . The normal anabolic/catabolic metabolic balance that maintains healthy cartilage is uncoupled with increases in catabolic enzymes. Production of proinflammatory enzymes is increased. These metabolic and inflammatory changes lead to joint pain and localized cartilage degeneration. Localized cartilage loss magnifies abnormal stress transfer, establishing a pathomechanical cascade that leads to further cartilage loss. A vicious cycle of cartilage loss leading to increased stress in remaining cartilage, in turn leading to further cartilage loss, and eventually ending in joint-wide destruction of cartilage and endstage arthritis. AHD is the most common cause of acetabular deficiency and malalignment in adults, but other causes such as acetabular retroversion, Perthes disease, and trauma, can result in similar pathological anatomy.
Regardless of the etiology, the inciting event for the pathomechanical cascade leading to hip joint arthritis is abnormal stress transfer secondary to acetabular deficiency, acetabular malalignment, or a combination of the two factors. As AHD is the most common cause, this article will focus on surgical correction of the acetabulum in AHD. Typically, AHD is characterized by a shallow acetabulum that does not fully cover the femoral head. There is lateral, anterior, and posterior deficiency in coverage [4] . Furthermore, the deficient acetabulum can be malaligned, typically with excessive retroversion [5] . The acetabular deficiency and malalignment are unique to each patient, and need to be meticulously scrutinized to determine optimal treatment. Plain radiography in concert with advanced imaging techniques including computerized tomography and magnetic resonance imaging afford the treating surgeon the necessary information to understand the deformity.
The goal of surgery to treat AHD is to realign the acetabulum into its optimal mechanical position. It is important to recognize that acetabular realignment surgery does not produce a normal acetabulum. This surgery reorients the position of an abnormally shallow acetabulum in an attempt to optimize stress transfer across the joint. Surgeons have devised multiple operations to realign the acetabulum. Previous acetabular osteotomies involved cutting medial to the acetabulum through the superior ramus, inferior to the acetabulum through the ischium, and finally above the acetabulum into the greater sciatic notch. These operations completely mobilized the acetabulum, but they destabilized the pelvic ring by completely dividing the posterior column from the pelvis. Prolonged recoveries and nonunions led to the development of posterior columnsparing osteotomies. These operations evolved to achieve acetabular mobility to allow reorientation, but to do so without destabilizing the pelvis. The Bernese periacetabular osteotomy (PAO) as originally described by Reinhold Ganz (this operation is often referred to as a "Ganz procedure") has become the most widely used posterior-column-sparing acetabular osteotomy [4] .
The mechanical goal of acetabular reorientation is to decrease articular surface contact stresses by increasing the contact area in affected hips [1, 2, 6] . Several investigators have created biomechanical models of dysplastic hips. For example, it was determined that in dysplastic hips, cumulative abnormal stresses greater than 10 MPa-years, assuming that 2 MPa is the threshold of abnormal stress, predictably led to arthritis in a cohort of patients followed for decades [3] . Several investigators have demonstrated that acetabular reorientation using the Bernese PAO significantly reduced contact stresses. For example, using discreet element analysis techniques on orthogonal X-rays, it was determined that the Bernese PAO decreased contact stresses 1.7-fold in 12 patients [1] . In another study, it was determined that acetabular reorientation increased the load-bearing area from 7.4 to 11.0 cm [2] using stereological methods on CT scans from 6 patients who had PAO surgery [2] . Recently, it was shown that the Bernese PAO improves hip mechanical stability by reducing hip acceleration during gait. Using triaxial accelerometry, it was shown that hip acceleration decreased from of 2.30 m/s 2 [2] in patients prior to surgery to 1.55 m/s 2 [2] 1 year after PAO surgery [6] .
The Bernese PAO in its original description was performed through an anterior approach to the hip joint [4] . The muscles are dissected free from the pelvis surrounding the acetabulum including extensive dissection of the tensor fascia lata, iliacus, and rectus femoris. The superior ramus is fully divided, followed by an incomplete cut (the cut does not breach the back of the posterior column) inferior to the acetabulum through the ischium heading toward the ischial spine. Subsequently, the bone superior to the acetabulum is cut from above the anterior inferior iliac spine, heading posteriorly, medially, and inferiorly, coursing toward the sciatic notch. This cut ends shy of the pelvic brim (again maintaining the integrity of the posterior column). Finally, the cut made superior to the acetabulum is connected to the inferior cut made through the ischium by a cut primarily through the quadrilateral surface that is centered between the posterior aspect of the acetabulum and the back of the posterior column. The mobilized acetabulum is reoriented into its optimal alignment and secured with internal fixation. In his original description, Ganz performed the operation on 75 patients with the first operation occurring in 1984. There were remarkably few early complications.
The Bernese PAO has become the most widely employed posterior-column-sparing acetabular osteotomy [7, 8] . Eleven-year results describing outcomes from the original 75 patients operated on by Ganz demonstrated that 82% of the hips had been preserved [9] . Good and excellent function was reported in 73% of these patients. Successful outcomes were best predicted by younger age at the time of operation and minimal or no osteoarthritic changes at the time of the operation. Recently, 20-year outcomes of 68 of the 75 hips originally reported by Ganz were evaluated.
Forty-one of the 68 hips were preserved (60%) [10] . Longterm success was predicted by hips that had minimal arthritis at the time of the original operation, patients who were younger at the time of surgery, patients who did not develop postoperative impingement from overcorrection, and patients who achieved adequate lateral coverage. In summary, the original patient population treated with the original technique produced 60% long-term success. Patients who had moderate to advanced arthritis at the time of the index operation fared poorly. The investigators also determined that poor corrections, mainly in patients who had had overcorrection leading to impingement fared poorly. Finally, patients younger than 35 years at the time of the index operation had better outcomes.
Since the original description of the operation, several minor modifications of the original technique have evolved [11] . The musculature on the outer wall of the pelvis is now routinely preserved leaving the tensor fascia lata and gluteus medius intact [12] . The operation is also easily executed without detaching the rectus femoris, further minimizing injury to the soft tissue during dissection. These modifications have significantly reduced the formation of heterotopic bone and hastened muscular recovery. Several authors reported performing the Bernese PAO through an ilioinguinal approach [13] . However, operative times were greater, blood loss was increased, and femoral arterial thromboses occurred. This approach has largely been abandoned. Recently, a limited open trans-sartorial approach through a 4-to 5-cm incision has been reported. The authors stated that adequate corrections can be achieved with minimal complications. However, these results have not been duplicated [14] .
Several authors have reported medium-term results that were similar to the original patients. In 135 hips evaluated at an average of 9 years after surgery, 76% of the hips were preserved [15] . Factors predicting success included patients younger than 35 years old and good preoperative congruency with minimal degenerative changes. In another series, 82% of 116 hips were still intact at a mean of 9 years after surgery [16] . Again, the authors found that pre-existing arthritis was predictive of failure. Furthermore, the severity of the original dysplasia indicated by radiographic signs, including a short sourcil arc, femoral head subluxation, and an os acetabuli, were predictive of poor outcome. Other centers reporting short-and medium-term results have had remarkably similar outcomes [7, [17] [18] [19] .
While most authors agree that the degree of radiographic hip joint degeneration and severity of dysplasia at the time of surgery directly affect the outcomes of the PAO, there are mixed opinions on and evidence for how patient age at the time of surgery affects outcomes. Several studies have suggested that age greater than 35-40 years is a negative prognostic indicator [12, 20, 21] . However, others have reported good results in patients as old as 55 years [22] . However, in this older group of patients, it appears that a congruent articulation of a hip with minimal or absent degeneration is mandatory to ascertain a good result.
In summary, the Bernese PAO has become the most popular posterior-column-sparing acetabular reorienting osteotomy. The operation reorients the acetabulum, which increases the contact area, reduces contact stress, and reduces hip acceleration during activity. The evidence is clear that in young patients with symptomatic AHD, excellent long-term results can be predicted if a congruent hip articulation with minimal arthritic changes on radiographs can be achieved. In properly selected patients, longterm pain relief is achieved and joint arthroplasty is prevented.
